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Abstract 
The increasing uncertainty, climatic changes, shifts in the geopolitical tectonic plates and complex 
system dynamics of the age of the Anthropocene, suggest that the way we do, and conceptualise, 
business must also change to accommodate an approach informed by post-normal scientific insights 
and practices. As a significant driver in human affairs and a critical determinant in the socio-political 
response to climate change, there is a need for a critical re-evaluation of the economy. Although 
considerable work since the 1980s has attempted to reconfigure how the science of economics is 
conceptualised and realised in practice, it is apparent that these efforts have, at best, resulted only 
in peripheral tweaks in the relationship with social-ecological systems. In this article, we lend our 
voices to the call for modern neo-liberal economics to be reconfigured in ways consistent with the 
original meaning of the word ‘economics’, οἰκονομία (oikonomia), or ‘household management’, later 
developed as the effective management and allocation of resources for meeting human needs. 
Having become subverted by its Cyclopean attention to profit making and maximization, we suggest 
that economics is no longer able to effectively manage the (global) household but is instead 
responsible for directly and significantly contributing to its deterioration.  
One reason for this is the interpretation of the economic system as closed and detached from the 
other human and natural systems. Holding the view that there is not proof of the existence in nature 
of closed systems (even the Earth interacts with other elements of the universe), this article is based 
upon a heterodox approach to economics that rejects the oversimplification made by closed 
economic models and the mainstream concept of ‘externality’. This approach re-imagines economics 
as a holistic evaluation of resources versus human needs, which requires judgement based on 
understanding of the complexity generated by the dynamic relations between different systems. 
One re-imagining of the economic model is a holistic and systemic evaluation of agri-food systems’ 
sustainability that was performed through the multi-dimensional Governance Assessment Matrix 
Exercise (GAME). This is based on the five capitals model of sustainability, and the translation of 
qualitative evaluations into quantitative scores. However, translating how the management and 
accounting for changes in environmental capital interacts with, and influences, changes in social and 
human capitals and how these in turn translate into manufactured and financial capital remains a 
qualitative evaluation or judgement necessitating a systematic underpinning methodology. This is 
based on the triangulation of big data from a variety of sources (literature review and participatory 
expert elicitation. To represent quantitative interactions, this paper proposes a provisional 
translation of GAME’s qualitative evaluation into a quantitative form through the identification of 
measurement units that can reflect the different capital dimensions. For instance, a post-normal, 
ecological accounting method, Emergy is proposed to evaluate the natural capital. The revised 
GAME re-imagines economics not as the ‘dismal science’, but as one that has potential leverage for 
positive, adaptive and sustainable ecosystemic analyses and global ‘household’ management. This 
paper proposes an explicit recognition of economics as nested within the social spheres of human 
and social capital which are in turn nested within the ecological capital upon which all life rests and 
is truly the bottom line.  
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1. Background and introduction 
Traditional economics has been subject to various critiques and alternative models have been 
developed to address these weaknesses (Raworth, 2017). While market failures are often linked to 
the ‘tragedy of the commons’ some also argue that they are not only related to the market offer but 
to the nature of demand (Graves, 2002).  Market economics are generally based on individual rather 
than collective choice and even if some individuals do renounce their private goods to preserve 
ecosystems or animal species, their isolated decision would generally not affect the actual 
consumption of these goods, nor produce any income. These kinds of goods have to be delivered 
collectively and when depleted cease to have value as an ecosystem service. 
Moreover, goods can be considered as private or public (Kaul and Mendoza, 2002), with the aim to 
regulate the functioning of significant systems (e.g. social and environmental) whose security and 
sustainability is to be guaranteed. For instance, even if land could be considered a private good it is 
commonly classified as commons as it involves the use of natural resources, such as forests, water, 
and plant and animal species which are of fundamental importance for both the environment and 
the society (Barzel 1997; Bromley 1990; Demsetz 1967; Ostrom, 1990).  
Many studies carried out from an ecological economics perspective attempt to include so-called 
externalities into economic systems, however, to raise awareness about human dependencies on 
natural resources were evaluated according to their ability to provide human beings with ecosystem 
services (Daily, 1997; World Health Organization, 2005). Holding the view that «protecting the 
environment is a matter of getting the prices right» (Sagoff, 2012), ecological economists joined the 
neoclassical utility theorists and the mainstream of welfare economics. 
Even where sustainability is a recognised strategic aim there is a tendency to focus on sustainable 
futures that may never materialise because individual and collective behaviour may emerge that has 
counterproductive outcomes (e.g. the Rebound Effect or Jevons Paradox (Sorrell, 2007)); this is an 
example of the externalities that economics might avoid and, even within the sustainability narrative 
of a linear perspective that should really be focused on ‘avoiding unsustainability’, free-riding 
(Ostrom, 2009) and making judgements based on the best available information. Traditional 
economics can also be prone to bounding complexity and thereby adopting a rational approach to 
decision maker that is based on ‘perfect but incomplete information’ (et cereba paribus) and the 
exclusion of externalities (scale).  This has the effect of hiding the true cost of things (Ostrom, 2009) 
which in turn makes informed decision making difficult – decisions are judgements about uncertain 
futures based on imperfect information (risk). The consideration of non-valued goods as externalities 
suggests that the traditional economic approach is often isolated and detached from the other 
elements of the system i.e. focused just on human individual utility rather than on general systemic 
interactions, of which the human element is just one of the parts. Economic valuations, based on a 
utilitarian view and human welfare, are in consequence «unacceptably anthropocentric» (Norton, 
2012).  
These considerations underpin this article and link it to a much earlier interpretation of economics, 
as household management and its re-interpretation through various contributions to heterodox 
economics (e.g Raworth (2017), Ostrom (2009) and Porrit (2007)) that have a common intention to 
incorporate whole systems thinking (e.g. Panarchy) into their interpretation of problem contexts 
which do not necessarily align with organisational, geographical or temporal scales or bounded 
groups of stakeholders.  
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This approach to economics as household management focuses instead on the general equilibrium 
of interacting systems, in which human utility, intended mainly as the meeting of basic needs, is not 
‘the aim’ but one of the aims, concurring with others, i.e. the environmental, human and social 
sustainability.  
This paper extends previous work that has drawn upon the five capitals model of sustainability 
(Forum for the Future, 2018) and a provisional qualitative methodology for the social learning and 
qualitative evaluation of systems’ sustainability (i.e. the Governance Assessment Matrix Exercise of 
GAME; Sajeva, Lemon and Sahota, 2015; Sajeva, 2016). The paper suggests measures and methods 
for evaluating the five sustainable development capitals (Forum for the Future, 2018) and presents 
an exploratory tool for integrating those capitals and identifying the trade-offs between them.  That 
integration will also, in turn, help locate the analysis in a specific ‘context’ i.e. in time and space. 
Natural capital is measured by energy, human capital by social benefits that can represent human 
well-being, social capital by the robustness and resilience of networks, manufactured capital by its 
level of ‘circular’ integration with natural capital and financial capital by the investment in a given 
area that remains employed in that same area. The suggested approach will acknowledge the 
uncertainty relating to decisions about future trajectories with a focus on avoiding unsustainable 
outcomes rather than chasing elusive sustainable ones and thereby supporting these decisions as 
judgements rather than solutions. 
The paper is structured in two main parts: 
- the first questions the concept of utility as the sole criterion for economic choice and searches for 
more adequate dimensions reliably reflecting systems’ complexity (section 2 and 3). It expands on 
economics as ‘household management’ and relates this to a whole systems perspective linking to a 
conception of circular economy, that is equilibrium between resources and needs for the sustainable 
management of the ‘household’. This is exemplified by the five capitals model of Forum for the 
Future 
- the second presents a tentative evaluation (GAME) that characterises the economy of the 
household from this perspective (section 4) and hypothesise examples of units of measurement that 
can be employed for the evaluation of different capitals (section 5). 
2. The emergence of economic heterodoxy 
Traditional economic perspectives have been briefly introduced above as a series of assumptions. 
First, the economy is regarded as a closed system, one in which only energy is exported and 
imported, and although materials circulate within it they do not flow through it. This is contrasted 
with the idea of an open system which exchanges both material and energy flows. While traditional 
economics views the (macro) economy as a closed system, heterodox economic models generally 
regard it as open.  In traditional economics, the concept of unlimited growth pertains to the idea of 
continually growing the economy as it has no external limit point, whereas with heterodox 
approaches, especially those that are concerned with environmental or ecological economics, since 
the Earth is the limit point, an economy primed for infinite growth must, at some point, reach a 
stage of overshooting the Earth’s capacity to support it. This is what informs the notions of ‘carrying 
capacity’ (Wackernagel and Rees, 1996; Chambers, Simmons and Wackernagel, 2000; Schuller et al., 
2000) and ‘steady state’ economics (Daly, 1991, 2005). In traditional economic terms, this refers to 
an equalisation or optimisation between the marginal costs (extra costs of doing something) and the 
marginal benefits (the rewards) for doing it. 
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The second assumption, closely related to the first, is how ‘externalities’ are treated. In traditional 
economic theory, an externality is a spill-over effect (benefit or cost) of one activity onto an actor 
(person, business, etc.) which is not directly involved in that activity; for example this may manifest 
itself in the ‘free rider’ problem that contributes to the tragedy of the commons (Hardin, 1968; 
Ostrom, 2009). Externality as used in traditional economics confirms how this approach is detached 
from the interrelations with other systems, human and environmental. From the perspective of the 
economy as a closed system, the so-called ‘invisible hand’ of the market has failed to adequately 
allocate resources in a way that takes these spill-over effects into account. However, such a 
perspective supports micro-economic actors in increasing their externalities in order to maximise 
marginal benefits while reducing marginal costs which, as a result of externalisation, others absorb. 
While externalities can be accounted for with reference to the calculations of the marginal social 
costs of production, in the closed system economy only those actors within that system are taken 
into consideration. In this interpretation both society and nature are sub-systems, parts of, the 
whole economic system, and as a result, costs to society and the environment are treated as 
deadweight losses, as decreases in social surplus. However, because the environment is not 
regarded as an economic actor and does not allocate resources to optimise its own benefit it cannot 
be considered directly in evaluating the deadweight loss, and all decreases in social surplus pertain 
only to human impacts. 
When the two basic premises of traditional economics are considered, the following conclusion may 
be drawn: a closed economic system is treated as a whole in itself, and society (and to some extent, 
nature) are parts of that whole. As a result, there are no anticipated limits to the growth of the 
economy, because it has no ‘exteriority’. Any externality refers only to a given economic practice 
(e.g., manufacturing, consumption, trading), and is the result of an (mis)allocation of either costs or 
benefits to other actors not directly associated with that practice. Therefore, the environment is not 
an actor in its own right, but is rather the source of raw materials and sink for waste materials.  The 
diagrammatic representations of Raworths’ donut and the Forum for the Future’s Five Capitals 
reverse this interpretation with natural capital ultimately having the potential to limit (i.e. cease to 
be source or sink) economic growth and wellbeing. We will consider this further in the following 
section. 
3. The five capitals model of sustainability 
The five capitals framework for sustainability emerged from Porritt’s 2007 work with Forum for the 
Future and interpreted ‘capitals’ as resources that flip the epistemological primacy of traditional 
economics on its head. Whereas this approach posits the economy as a whole closed system, Porritt 
(2007) argues instead that the only closed system is the Earth, and therefore this constitutes both 
the starting point for economic analysis, as well as the ultimate limit point for all growth and 
development, that is to recognise that the economy is embedded within a larger world ecological 
system (Raworth, 2017). Recent studies (Sajeva, 2016) have re-analysed the five capitals model as 
applied to the already mentioned GAME methodology and added some main criteria for systems’ 
sustainability (see Figure 1). 
As shown in Figure 1 on the outer ring is natural capital, which refers to the full range of ecological 
and biological substratum, diversity and ecosystem services, raw materials, resources and sinks, and 
energetic flows that comprise the known world. It is the substrate because, as the illustration shows, 
everything else is entirely dependent upon it. Nested within the whole system of natural capital is 
society divided into two equal, but separate domains: that of social capital which refers to human 
relationships, such as kinship systems, partnerships, friendships, and all forms of social networks at 
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multiple scales. The second domain concerns human capital, which pertains to the totality of human 
knowledge, skills and expertise, cognitive abilities, as well as health and welfare enjoyed by people. 
 
Figure 1. The five capitals model (Source: Forum for the Future https://www.forumforthefuture.org/project/five-
capitals/overview; Sajeva, 2016) 
Finally, at the centre of the illustration, the two economic domains are situated. The first is 
manufactured capital as the sum of all material goods, infrastructure, and other facets that 
contribute to productivity and services but which are not included in the outputs of these. The last is 
financial capital which refers to a nation’s currency, its bank notes, bonds and corporate stocks and 
shares, and is the real effects of the other four types of capital. 
What is key to this illustration is how the systems are nested; society (social and human capitals) is 
dependent on natural capital, and the economy (manufactured and financial capitals) is in turn 
dependent on society. This significantly reverses the traditional economic model which tends to 
treat society as a sub-set of macroeconomic processes. As a consequence, such conceptual changes 
necessitate that the manner with which the movement among these five capitals are evaluated and 
measured also change, becoming more sensitive to the specificity of the focal capital itself as well as 
for evaluating and making decisions informed by an appreciation for how these capitals interact and 
incur trade-offs.  
In the following sections we briefly introduce potential methods for evaluating the capitals and 
providing a more quantitative measure than the qualitative approach adopted thus far. The move 
towards a quantitative evaluation has the aim to propose a decision support methodology that is 
able to produce a replicable evaluation able to locate the qualitative data relating to the capitals on 
a ‘scale’ that is more adequate and able to represent systems’ complexity and their interrelations. 
This is a process that integrates those different capitals, characterised by different units of 
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measurement, as applied to current unique and specific contexts and for the generation of future 
scenarios. A matrix approach for evaluating the relative influence of decisions that span across the 
capitals as part of the GAME approach is then presented. 
4. The Governance Assessment Matrix Exercise  
The Governance Assessment Matrix Exercise (GAME) (Sajeva, Sahota and Lemon, 2015; Sajeva, 
2016; Sajeva Lemon and Sahota, 2017) is based upon the five capitals model and has been applied to 
energy, security and food systems, mostly through the use of qualitative data, translated into 
quantitative scoring systems. The validity and robustness of qualitative evaluations has been 
corroborated by triangulation approaches that put in relation, compared and intersected data from 
different sources.   
Recently, on a project funded by the Office of the Finnish Prime Minister, a version of the GAME has 
been planned ad hoc (InnoGAME, see Figure 2) for the evaluation of the sustainability of innovations 
for reaching UN Agenda 2030 Strategic Development Goals (SDGs) and referred to the sectors of 
‘food and agriculture’, ‘energy and materials’, ‘cities’ and ‘health and well-being’. Its aim is to initiate 
a process of dialogue between experts and policy-makers/stakeholders to define sustainability 
criteria and ultimately a measurement tool that could support public and private policies for the 
promotion of sustainable innovations. The result will be a ‘competence matrix’ to indicate the 
attributes that qualify an innovation as an improvement, a risk, or a failure. The following ‘round 
table’ discussion will also identify possible units of measurement that could better represent and 
reflect the different SDGs. Rejecting mainstream approaches that, in line with the previous critique, 
tends to flatten multi-dimensional systems to monetary evaluations, the approach has the aim to 
provide a measurement that is more appropriate for the evaluation of the dimension at hand. This 
will help in the translation of the GAME methodology from a primarily qualitative format into one 
that retains qualitative data and judgement but enhances it with data that can provide a more 
systematatic and quantitative methodology for each of the capitals and their interconnections.  This 
data, in turn, will contribute relevant ‘scientific’ data to the qualitative interpretations and 
judgements, through Likert scaling and the generation of competence matrices, (figure 2) of 
stakeholders and decision makers.   
 
7 
 
Figure 2. The structure of the InnoGAME workshop 
5. Evaluating the five capitals 
The following section will consider the type of ‘systematic’ approach that might be appropriate for 
evaluating each of the five capitals and thereby providing data that can be incorporated into the 
GAME approach. Each capital and a potential means for evaluating it are introduced. Suggestion are 
offered for quantifying the capital so that it can be simplified for use on a sliding Likert scale in the 
GAME decision-matrix.  Where appropriate these are exemplified through an ongoing UK case study 
into sustainable market towns. 
Evaluating natural capital: Emergy synthesis  
Natural capital is concerned with the biosphere, both as the source of all resources that are 
extracted and processed, and as the ultimate sink or repository for all wastes. While there are 
several candidate evaluation methods that are useful to track the ebbs and flows within this capital, 
such as ecological footprint analysis (Wackernagel and Rees, 1996), the emergy synthesis approach 
has been selected here for two main reasons. First, emergy is based on whole systems ecology and 
as such is already optimised for tracing material and energetic flows through complex dynamic 
systems (Odum, 2002); second, because emergy was developed as a method for ecological 
accounting and enables the 
contributions of the whole 
ecosystem to be explicitly 
adduced in decision-making 
processes (Odum, 1996). 
Emergy synthesis is a top-down 
eco-centric method, which 
tracks the contributions of the 
whole biosphere to any specific 
product or process. That is, its 
approach is to answer the 
question of what is demanded 
of the ecosystem through available energy for a given process or product to exist (e.g. Odum, 1996).  
. This is the opposite of traditional economics which asks after the willingness to pay for a process, 
service or product. Instead, emergy refers to a donor-side economic relationship that accounts for 
the actual value of something as a result of the combined value of all inputs into that product. 
Emergy references the accumulated solar energy1 that, over time directly and indirectly, has 
contributed to the conditions which made an object or process possible. In this sense, emergy refers 
to energy memory, and any product or service is reducible to the same quantum – solar emjoules 
(seJ) – which permits both 
economic (human dominated) 
and ecological products and services to be evaluated on the basis of a common unit, independent of 
any fiscal valuation.   
While space does not allow a comprehensive discussion of the emergy synthesis method (see, for 
example, Odum, 1996; Brown and Ulgiati, 1999; Raugei, Bargigli and Ulgiati, 2005) it is helpful to 
                                                          
1 Geothermal and tidal energies are also included as contributing forces, but the predominant forcing function 
is solar energy.   
Figure 3 A hypothetical emergy synthesis diagram of an on line food and drink 
retailer 
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consider how the method could be applied in evaluating the donor-side economics of the 
environment to quantify the natural capital investment in a case study of an on-line retailer of locally 
sourced food and drink.  
For example, to calculate the solar emergy of vegetables the number of joules of solar energy which 
were required to produce the vegetables need to be determined. These will depend on a range of 
factors, such as where the vegetables were grown, the solar insolation to that area, relative rain and 
wind influences and the exposure to these elements, as well as the amount and type of fertilisers 
used, soil conditions, seed heritage, etc.  Each of these factors are critical sources of data for an 
emergy evaluation. Figure 3 illustrates a hypothetical emergy synthesis of the on-line retailer case 
study in the UK case study of a market town. 
While Figure 3 provides a quick summation of the flows of energy and materials through the case 
study system, to conduct an in-depth emergy synthesis the evaluator would collect detailed 
information on the various components shown in the diagram. In addition, the evaluation would 
include the quality of the soil, specifically in terms of the transformity of the specific type of soil (clay 
and loam, sandy, etc.), the varieties of agriculture undertaken that are items subsequently sold by 
the retailer and the types of livestock, and the transformities of these. These would, in turn, be 
classified according to the renewable or non-renewable nature of the different components, and 
these data would be calculated to return a set of calculations for the total renewable flows, the total 
non-renewable flows, and the total purchased flows.  
 
As demonstrated, emergy synthesis provides a comprehensive whole system accounting of the 
donor-side economic contribution of natural capital that supports and sustains a given industry. 
Because the calculation of natural capital’s contribution to the case study retailer can be interpreted 
in a monetary currency value, it lends itself to ensuring that different systems can be compared on 
the basis of a common unit (em£).  The Emergy calculation for natural capital could be supported by 
other forms of footprinting (Carbon, Ecological, etc.) adopted elsewhere e.g. to evaluate the 
footprint of manufactured capital.   
Evaluating human capital: Social Return on Investment. 
The Social Return on Investment (SROI) is one method for calculating the additionality of investing in 
a particular project or activity through the calculation on what socially beneficial changes can be 
attributed to the investment in the target project. That is, what have been the returns on an 
investment into a project in terms of social benefits? 
The method involves collecting and listing all potential changes that may be attributed to a focal 
investment. These attributed changes are evaluated in terms of their validity, and then meaningful 
proxy values for these changes are derived according to the estimated percentage of such changes 
that can be attributed to the focal project investment. The calculation of attribution is typically 
based on the amount of the identified change that can be quantified and meaningfully linked to the 
focal project, less the estimated counterfactual (i.e., that which would have happened anyway). 
The proxy values that are used to calculate the (social) return on investment are drawn from a range 
of policy reports, research documents, surveys, and other similar sources, and because these are 
proxies and the method involves estimations of attributions and influence of counterfactuals, the 
SROI is an indicator rather than a precise metric. However, what it does offer is an indicator of the 
wider knock on, or the ripple effect, that a given project or activity has had on a particular area, 
location or wider problem dynamic. The changes, the returns on investment, are side-effects of the 
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initial project investment and can therefore be used to plan strategic intervention scenarios 
according to their potential for optimising added value to a geographic, economic, or social area.  In 
effect this approach recognises the ‘externalities’ of a strategic change that has a specific objective 
e.g. to increase the purchase and consumption of local fresh food and the health and educational 
benefits that may result.  Some contrary outcomes may also emerge – e.g. if health benefits are 
realised at a wider scale then strains on the health system may transfer to those facing an older 
population. 
Evaluating social capital: Social Network Analysis. 
The third capital to be considered is that of social capital, a term with a long lineage of meanings 
associated with the quality of relationships among social actors. Generally, the term refers to the 
nature of social networks among people, described in terms of strong and weak ties and or bridging 
and bonding capital (Granovetter, 1973; Putnam, 2000), which pertain to the  distance between two 
or more nodes in a given network. The further the walk (in terms of social access), the weaker the 
tie. Hence, weak ties are typically characterised by actors who are not connected to each other in a 
frequent or even direct way, but may be associated according to several degrees of separation.  
Because the quality and character of social relationships is a key concern in sociological theory, 
methods for mapping, describing and quantifying the quality of inter-personal relationships are quite 
well developed, drawing from mathematical graph theory. Social network analysis (SNA) is the 
application of graph theory to interpersonal relationships, and is therefore an appropriate method 
with which to describe and quantify social capital.  
The conversion of sociological patterns into mathematical representations give rise to coordinates of 
interactions, and graphs may therefore be thought of as relation maps, much like geographic 
cartography is a series of coordinates mapping out the relationships among landscape features, 
including shorelines and mountain ranges. Network analysis has also begun to be applied in the field 
of natural resource management (Bodin et al., 2011) and investigating the roll out of domestic 
energy policies (Bale et al., 2013) because it offers such a powerful tool with which to map out 
complex relations among parts of systems. Three common network statistics may be calculated to 
generate descriptions of the actor network with respect to its centrality, density and equivalence. 
Centrality represents only the number of immediate contacts a network actor has, but not the 
direction of the ties (connections) involved (Wasserman and Faust, 1994), and yields information 
about which actors occupy key positions in the network. Network density reports the proportion of 
actors (nodes) in a network which are actually present or linked together. The larger the network, 
the lower the density score as it becomes decreasingly likely that all actors in a larger network will 
know each other; in a small network, actors knowing all other actors becomes more likely. Finally, 
equivalence refers to when two actors send ties to the same third actor (Burt, 1984, 1987; Burt and 
Janicik, 1996), and permits assumptions about the homogeneity of the equivalent actors to be made.  
5.4. Evaluating manufactured capital: Life Cycle Analysis 
Manufactured Capital, also termed manmade or physical capital, includes the basic infrastructure 
(transport, shelter, water, energy and communications), materials and production equipment that 
supports social interaction and the pursuit of livelihood.  This capital has two significant 
contributions for sustainable development; firstly, where efficiently employed it can support 
adaptive processes that are able to respond to changing market, societal and environmental 
conditions.  Of course this can also raise the danger of technological spirals and dependency.  
Secondly such capital can reduce resource use through the designing in of resource efficiency and 
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designing out of waste products and processes.  Concepts such as Industrial Ecology (Graedel and 
Allenby, 2010) and the Circular Economy (https://www.ellenmacarthurfoundation.org/) embed 
processes such as dematerialization and light-weighting which themselves are indicative of a 
mindset that is focused on the efficient, and thereby economic, use of resources. 
There is an increasing recognition of the need to evaluate the environmental impact of what we 
produce and consume. This may be driven by ethical concerns over our behaviour as producers or 
consumers; it may also be driven by the economic potential of reduced costs and / or regulatory 
requirements associated with resource protection at the abstraction, production, usage or disposal 
stages of a life cycle. Whatever the driver a systematic and verifiable approach is required for 
assessing the life cycle of a product, process or activity. Emergy has been suggested as one way of 
evaluating ecological capital; more established approaches that can provide some form of 
quantitative output about the footprint of both products and processes are e.g. Life Cycle Analysis, 
Life Cycle Inventory (LCI) and Life Cycle Assessment (LCA – figure 4); Cradle to Grave Analysis, Eco-
balancing, and Material Flow Analysis amongst others.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Taking a holistic approach to, for example food production, generates a complex life cycle for any 
product under investigation. This highlights both the need to define boundaries relevant to the 
questions being asked of a particular production process and the need to identify common 
boundaries when comparisons between products, and processes, are going to be made. Arguments 
about relative environmental impact depend upon how and where those boundaries are drawn e.g. 
scale of operation, single or multi product, co-production, consumer (e.g. dietary) preference, whole 
meals rather than single components etc. 
PAS 2050 (figure 4) includes a final, optional stage involving the measurement and minimisation of 
uncertainty.  One approach to evaluating the level of uncertainty is to assess the statistical reliability 
of each input, indeed, strategies for reducing uncertainty include the replacement of secondary with 
primary data e.g. estimated against actual energy consumption; identification, and use of, better 
quality secondary data; improving the representativeness of any model used to calculate the 
environmental impact and incorporating peer review into the assessment process.   
LCA’s are often undertaken to compare products, however the uncertainty of the process can mean 
that discrepancies emerge even when very similar products are compared. Identically produced 
cereals or livestock may have different levels of impact on surface and groundwater under different 
Figure 4: Life Cycle Outline based on PAS- 2050 Carbon Footprint Guide (after BSI 2008, see also ISO 
14044:2006) 
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soil and climatic conditions; the transport of food in identical packaging may have a differential 
impact depending upon the size of, and fuel used by, the vehicles used for transportation and the 
nature of the road networks they are travelling on. Obviously the greater the variation between 
products being compared, and the more complex any single production process, the more 
judgments that need to be made about how those differences can be reflected in the data used for 
the assessment.  
Judgments about the data that is to be collected and used are compounded by those involving the 
interpretation of the data that has been collected.   For example in a specific context does heavy 
energy demand have a more significant environmental impact than heavy water use? 
Some LCA studies attempt to aggregate the various impacts into clearly defined categories, for 
example, the possible contribution to acid rain. Others try to derive a single 'score' from combining 
all impact categories identified, although it must be questioned whether such simplification will be 
of general benefit. On the one hand what are the boundaries and judgments about the data to be 
collected about a complex process on the other when does simplification result in a relatively 
meaningless outcome? This reinforces the importance of the process mapping phase of a life cycle 
assessment, also incorporated into the GAME process, in that decisions relating to boundary 
conditions and data acquisition can be clearly seen in terms of the overall process.  The 
compromises involved in moving from a holistic impact assessment to a bounded interpretation of a 
production process need to be clearly defined. 
5.5. Evaluating financial capital: Local Multiplier effects. 
The last of the five capitals concerns the flow of financial capital in the literal form of money, spend, 
bonds, etc. and focuses on the LM3 which is a tool that adapts the macroeconomic theory of 
multipliers for use in microeconomic circumstances. On the basis of this theory, the LM3 is an 
indicator that tracks how effective an initial investment is with respect to the length of time it 
remains within a defined economic area and the amount of additional work that it leverages. 
The LM3 is a method that tracks the local multiplier effect to the third round of spending. In 
practice, this translates to how the initial investment with the organisation of interest (first round or 
R1) is, in turn, spent with that organisation’s suppliers (second round or R2), and the percentage of 
that income those suppliers spend within the locally defined area (third round or R3) (Mitchell and 
Lemon, under review). Once the data for each of the three rounds had been collected, and cleaned 
where necessary, the formula for deriving the LM3 is: 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅1𝑠𝑠𝑠𝑠𝑠𝑠𝑅𝑅𝑅𝑅 + 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅2𝑠𝑠𝑠𝑠𝑠𝑠𝑅𝑅𝑅𝑅 + 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅3𝑠𝑠𝑠𝑠𝑠𝑠𝑅𝑅𝑅𝑅
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅1𝑠𝑠𝑠𝑠𝑠𝑠𝑅𝑅𝑅𝑅  
This returns a ratio in the form of 
£1 initial spend: multiplier 
To derive the added contribution to the local economy of the initial spend, the £1 initial spend is 
subtracted from the ratio. 
6. Integrating the evaluation of the capitals with the GAME decision-making tool 
In section 5 we provided some examples of possible units of measurement that would be more 
adequate to assess the capital at hand. The challenge is therefore to define which range of values of 
possible measurements (e.g. the examples provided in section 5) of these evaluation will constitute 
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an improvement, a risk or a failure, thereby determining the required actions to be performed for 
the sake of systems’ sustainability. This challenge has been faced, as anticipated in section 3, by 
adapting the previous experience of the GAME to evaluate the ability of innovations to reach the 
Strategic Development Goals (SDGs) of the United Nations (the InnoGAME matrix). This involves the 
participatory and informed evaluation of causes and effects, as well as interactions between the 
capitals and the agreement of shared criteria, which in the mentioned project are described as 
Sustainable Innovation Standards (SIS). This is being done through participatory expert elicitation 
that will define common attributes to be assigned to each level of performance (see Figure 2). Some 
selected case studies, representing key sectors of Finnish innovation in which sustainable innovation 
can be developed are being selected, to identify the main themes and key innovations.  
Certainly, the hypotheses made in section 3 about possible measurements are not the sole ones, and 
different solutions can be discussed. However, it is important to present possible solutions for 
discussion. 
7. Conclusions. 
The foregoing paragraphs have outlined both a research agenda and a set of appropriate evaluative 
methods with which to inform strategic decision-making about the complex and difficult trade-offs 
involving each of the five capitals introduced by Porrit (2007) in order to plot a future-oriented 
course for sustainability across the triple bottom line of environmental, social and economic drivers. 
The intent has been to initiate the generation of a database of values and methods that obtain 
equivalence as values so that already difficult decisions may be simplified using common 
denominators for each of the capitals. At present, strategic sustainability decisions are made 
considerably more complex because there is a lack of commensurability between economic values, 
ecological values and social values. Given the array of values in play, establishing priority is left to 
matters of perspective, ideology, and influenced by a range of cognitive heuristics, none of which are 
a solid and methodologically rigorous or defensible basis from whence to proceed. 
The paper has set out the basis for a new research agenda, using case study examples to illustrate 
the nature of the capital concerned, and to develop a provisional database of values and methods to 
underpin the Likert scale ratings for each case or capital as a set of prospective archetypes. It is 
hoped that this agenda will be added to, using detailed studies from the field to progressively 
replace the theoretical models elaborated on here. Moreover, the intent is for these evaluation 
methods to be used to triangulate the Likert-scale values in the GAME matrix to ensure that these 
are both evidence-based and robust, and in this way to develop and build a decision-making tool 
with which to make difficult strategic decisions that involve trade-offs between social and economic 
and ecological priorities. 
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